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AVR101 AVR® MCU 的基礎架構
利用 MCC Melody 的設定、開發方式

以及 I/O, Timer, UART,中斷操作
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課程目標

胸有成竹

見招拆招



Microchip Proprietary and Confidential3

AVR-101 課程介紹
本課程為 Microchip AVR MCU 系列的入門課程，綜合了以下 3 個 
Microchip MU 課程，將課程的內容歸納整理後讓參加課程的學員能將線
上課程所學的內 容實際地應用於 AVR MCU 的開發工作
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MU 的課程內容也含了必要的參考連結

https://onlinedocs.microchip.com/oxy/GUID-41EA2496-1EE8-4319-A387-9EC9318EF178-en-US-20/GUID-F7F7BDF5-134D-4F8A-B6A7-D368C8DDA312.html
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Which MCU is most suitable for my Project ??

5
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為何選擇 Microchip AVR® MCU and PIC®MCU?
• 適合所有通用的創新 / Microchip持續地對特性和功能進行實質投資

• 可自行客製的內建周邊以適應多種應用

• 在所有的前沿應用幾乎都可看到 8-bit MCU 的身影

• 具備所有使用者需要的彈性，涵蓋以下所列的各項目
• Portfolio Flexibility

• System Flexibility

• Chip-Level Flexibility

• Purchase Flexibility

• 專注於您完整的設計之的過程
• 直觀並且易用的開發工具

簡單、易用、功能創新以及不斷推出增強的新型號
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Microchip MCUs : A Product for Every Need
2000+ Products – Broadest Portfolio – Unified Comprehensive Ecosystem

AVR

dsPIC33

PIC24

PIC18

PIC32

PIC16

PIC10

PIC12

SAM D/C/L

SAM G/D/E

SAM V/E/S

tinyAVR

megaAVR

8-/16-/32-bit MCU Portfolio

▪ 6 pins – 288 pins

▪ 8 DMIPS – 600 DMIPS

▪ 0.5KB – 2048KB Flash

SAMA5 

SAM9

32-bit 

MCU

8-bit 

MCU

16-bit 

MCU

MPU

8-bit MCU Stronghold:
• PIC: 28 pins and below
• AVR:  24-48 pins
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AVR® Microcontrollers 簡介
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1992

1997

2016

AVR® Microcontrollers – 架構起源於挪威理工學院



Microchip Proprietary and Confidential10

AVR® MCU 的設計目標 : 滿足設計上的所有需求

• 0.5– 384KB Flash

• 6– 100 pins

• Common peripherals
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AVR® MCU 的通用架構
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AVR® CPU Architecture
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AVR® CPU 的 Arithmetic Logic Unit (ALU)
• 算術邏輯單元 (ALU) 支持工作暫存器之間或暫存器之間的算術和
邏輯運算
• 也支援常數和工作暫存器運算
• 還可以執行單一暫存器操作

• ALU 與暫存器文件中的所有 32 個通用工作暫存器直接連接運行
• 工作暫存器之間或工作暫存器與立即數操作數之間的算術運算是在一個時
脈週期內執行

• 經過算術或邏輯運算後，結果存儲在暫存器文件(Register File )中 
• 狀態暫存器 (CPU.SREG) 在運算後會被更新以反映有關操作結果的
信息

• ALU 運算分為三大類：算術運算、邏輯運算和位元運算 
• 支援 8- 以及 16-bit 算術，指令集也允許高效實現32位算術
• 硬體乘法器支持有號和無號乘法以及小數格式
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AVR® CPU 的 Single Level Pipeline
除第一個指令外，連續性程式的執行與下一個指令的提取可以在同一個
時脈週期完成
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X Pointer

Y Pointer

Z Pointer

R0

R1

R2

R26

R27

R28

R29

R30

R31

XH
XL

YL

YH

ZL

ZH

32 General Purpose Registers

⚫ AVR 總共有 32 個 8-bit 通用暫存器
✓ 相當於有大量的 Accumulator
✓ 都可以被 ALU 直接存取
✓ 如此可盡量減少資料的搬移次數

⚫ 3 register pairs act as 16-bit data pointers
✓ Instruction for auto increment, decrement and 

displacement
✓ Enabling efficient address calculations

⚫ Separate Program Stack Pointer
✓ Separate stacks for return addresses and local 

variables
⚫ Z Pointer suited for look up tables and 

indirect jump
⚫ Direct address of up to 64K

✓ With optional extension to 20-bit (2M)
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AVR® MCU Architecture – 極佳的 Code Density
Compact code leaves more room for data storage, lowers cost

• Architecture designed for C language

• 32 general registers 

• C-like addressing modes

• 16- and 32-bit arithmetic support

• Variables on the C stack can be manipulated

• Linear address maps
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Intelligent Analog
Sensor Interfacing & Signal Conditioning

Waveform Control
PWM Drive & Waveform Generation

Safety & Monitoring
Hardware Monitoring & Fault Detection

Timing & Measurements
Signal Measurement with Timing & 

Counter Control

User Interface
Capacitive Touch Sensing & LCD Control

Communications
Wired, Wireless & Encryption

Low Power & System Flexibility
Low Power Technologies, Peripheral & 

Interconnects

Logic & Math
Customizable Logic & Math Functions

AVR® & PIC® MCU都有著豐富的內建周邊



Microchip Proprietary and Confidential18

AVR® MCU 也內建豐富的類比周邊

Waveform Control
PWM Drive & Waveform Generation

Safety & Monitoring
Hardware Monitoring & Fault Detection

Timing & Measurements
Signal Measurement with Timing & 

Counter Control

User Interface
Capacitive Touch Sensing & LCD Control

Communications
Wired, Wireless & Encryption

Low Power & System Flexibility
Low Power Technologies, Peripheral & 

Interconnects

Logic & Math
Customizable Logic & Math Functions

Intelligent Analog
Sensor Interfacing & Signal Conditioning
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AVR® DA Product Family 的關鍵特點
• AVR® CPU
• 24 MHz @ 1.8V to 5.5V – 相當於 24 MIPS

• Memory
• 32KB – 128KB Flash
• 4KB – 16KB SRAM
• 512B EEPROM

• Pin and Packages
• 28 to 64 pins
• SPDIP, SSOP, SOIC, TQFP, VQFN

• Temperature Grade
• Standard: -40°C to 85°C
• Extended: -40°C to 125°C

• Key Features
• 12-bit differential ADC

• 10-bit DAC

• Analog Comparators w/individual DACREF

• Zero Cross Detectors

• Configurable Custom Logic (CCL)

• Event System

• USART, SPI, TWI

• 16- and 12-bit Timer/Counters

• Peripheral Touch Controller (PTC)

19
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Messaging

AVR DA Microcontrollers 族系列表

Our first Next-Generation AVR MCU with high pin 
count and high memory to extend the existing 
portfolio. Offering integrated analog CIPs with 
high Flash-to-SRAM ratio, which enables Real-
Time Control, Connectivity, HMI and Safety Critical 
Applications.

Features

Functional-Safety Ready at launch!

22ch 12bit Differential ADC (130Ksps) ​

10-bit DAC

3x Analog Comparators

3x Zero Cross Detectors

Configurable Custom Logic (CCL)

Peripheral Touch Controller (PTC)

10ch Event System

Cyclic Redundancy Check (CRC) Scan

6x EUSART + 2xSPI + 2xI2C

AVR128DA32128KB/16KB

64KB/8KB

32KB/4KB

AVR128DA28

28-pin
SOIC
SSOP
SPDIP

48-pin
TQFP
VQFN

AVR64DA32AVR64DA28

AVR32DA32AVR32DA28

AVR128DA64AVR128DA48

AVR64DA64AVR64DA48

64-pin
TQFP
QFN

32-pin
TQFP
VQFN

AVR32DA48
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AVR128DA 系列 Flash Memory 的實體結構
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AVR® DA MCU Memory Map

◼ Each 32 KB section from 
Flash memory can be 
mapped into the data 
memory space and will be 
accessible with LD/ST 
instructions

◼ The entire Flash memory 
space can be also accessed 
with LPM/SPM instruction
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AVR® DA Family 方塊圖
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A
N

A
L

O
G

Digital Peripherals

EEPROM
512B (Non-Volatile)

10K Erase/Write Cycles
1x 10-bit DACs

3x Analog Comparators (AC)
• w/ Window Compare Function

• w/ Individual DAC Reverence (DACREF)

1x 12-bit 130 ksps ADC with gain
• Up to 22 channels

Peripheral Touch Controller (PTC)
• Up to 46 self-cap channels

• Up to 529 mutual cap channels

6x USART
2x TCA

16-bit Timer/Counter A

Data Memory (RAM)
4KB / 8KB / 16KB

In-system Self-Programming Flash 

Memory
128KB / 64KB / 32KB

Clock Generation
OSC32M, PLL48M, OSC32K, XOSC32K, 

EXTCLK

AVR® CPU

Detectors / References
RST, POR, Bandgap, BOD, VLM

2x SPI 2x TWI

NVMCTRL

UPDI
Unified Program and Debug Interface

CRC
Cyclic Redundancy Check

1x CCL

Configurable custom 

Logic

1x TCD
12-bit Timer/Counter D

5x TCB
16-bit Timer/Counter B

System Management
RSTCTRL, CLKCTRL, SLPCTRL

WWDT
Windowed Watchdog Timer

RTC
16-bit Real Time Counter

E
v
e

n
t 

S
y
s

te
m
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Event System (10 ch)

3x Zero Cross Detectors (ZCD)

The block diagram is showing the maximum numbers of peripherals and memory.
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AVR® MCU Family Portfolio Overview

24

8 KB

2 KB

16 KB

32 KB

8 14 20 32 Pins

4 KB

24

48 KB

ATtiny202

ATtiny212

ATtiny412 

ATtiny402

Flash

48

ATtiny204

ATtiny214

ATtiny414

ATtiny404

ATtiny814 

ATtiny804

ATtiny1614 

ATtiny1604

tiny416 

ATtiny406

ATtiny816 

ATtiny806

ATtiny1616 

ATtiny1606

ATtiny3216 

ATtiny417 

ATtiny817

ATtiny807

ATtiny1617

ATtiny1607

ATtiny3217

64

64 KB

128 KB
AVR128DA64

AVR64DA64

ATmega808

ATmega1608

ATmega3208

ATmega4808

AVR128DA32

AVR64DA32

AVR32DA32

ATmega809

ATmega1609

ATmega3209

ATmega4809

AVR128DA48

AVR64DA48

AVR32DA48
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ATmega808

ATmega1608

ATmega3208

ATmega4808

AVR128DA28

AVR64DA28

AVR32DA28

AVR64DB64AVR64DB32 AVR64DB48AVR64DB28

AVR128DB64AVR128DB32 AVR128DB48AVR128DB28

AVR32DB32 AVR32DB48AVR32DB28

AVR DA family:
PTC, 12-bit diff ADC,

DAC, TCD, ZCD

AVR DB family:
OPAMPs

Multivoltage IO
12-bit diff ADC,
DAC, TCD, ZCD

megaAVR 0-family
Feature optimized

tinyAVR 1-family
PTC, DAC, TCD

tinyAVR 0-family
Feature optimized
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AVR® DA Part Number 的編碼範例
AVR[Memory][Family][Pincount][media]-[Temp]/[Package style]

• Example 1:
• AVR128DA64T-I/PT

• AVR = Architecture

• 128 = Flash Memory

• DA = Family

• 64 = Pins

• T = Tape&Reel

• I = Ind Temp Grade, -40 to 85C

• PT = TQFP

• Example 2
• AVR128DA64-E/PT

• AVR = Architecture

• 128 = Flash Memory

• DA = Family

• 64 = Pins

• No letter is bulk media – either 
Tube or Tray

• E = Ext Temp Grade, -40 to 125C

• PT = TQFP

25

*Automotive part numbers will have a VAO suffix after the package style, e.g. 
AVR128DA64T-I/PTVAO
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不同型號的 AVR® DA MCU 內建周邊比較

26

Device AVR128/64/32DA28 AVR128/64/32DA32 AVR128/64/32DA48 AVR128/64DA64

Pins 28 32 48 64

GPIO 23 27 41 56

External Interrupts 23 27 41 56

Event System ch. 8 8 10 10

CCL LUTs 4 4 6 8

RTC 1 1 1 1

16-bit Timer/Counter type A (TCA) 1 1 2 2

16-bit Timer/Counter type B (TCB) 3 3 4 5

12-bit Timer/Counter type D (TCD) 1 1 1 1

PWM channels 8 8 12 13

USART 3 3 5 6

SPI 2 2 2 2

TWI / I2C 1 2 2 2

12-bit diff ADC (input pins) 1 (10) 1 (14) 1 (18) 1 (22)

10-bit DAC (output buffer) 1 1 1 1

Analog Comparators with DACREF 3 3 3 3

Zero Cross Detectors (ZCD) 1 1 2 3

Peripheral Touch Controller (PTC) (self/mutual cap ch) Yes (18/81) Yes (22/121) Yes (32/256) Yes (46/529)
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新推出的 8-bit AVR® and PIC® MCU 涵蓋的封裝
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其他新推出的AVR® MCU 
系列 (自行閱讀 )
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Messaging Features

AVR DB

Perfect for edge nodes and as companion device in 
complex designs. Feature rich entry level AVR for 
new designs. Brings Multi Voltage I/O and memory 
scaled for complex interconnected applications or 
operating systems.

• Multi-Voltage I/O on one port

• 3x OPAMPs

• 22ch 12bit Differential ADC (130Ksps)

• 3x Analog Comparators

• 3x Zero Cross Detectors

• 10-bit DAC

• 6x EUSART + 2xSPI + 2xI2C

• 10ch Event System

• Cyclic Redundancy Check (CRC) Scan

• Ext. Crystal with failure detect
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Messaging

AVR DD Microcontrollers

Memory and feature rich entry level AVR for new 
designs. Includes the  integrated level shifter 
peripheral (MVIO) for easy multi-voltage domain 
operation. Perfect device for edge nodes and as a 
companion device in more complex designs.

Pin compatible with AVR DA and AVR DB. 

Features

Multi-Voltage I/O on one port

27ch 12bit Differential ADC (130Ksps)​

1x Analog Comparators

1x Zero Cross Detectors

10-bit DAC

1xTCA + 3xTCB + 1xTCD

2x EUSART + 1xSPI + 1xI2C

6 channel Event System

4 CCL LUTs

Cyclic Redundancy Check (CRC) Scan

Ext. Crystal Osc with failure detect

AVR64DD2064KB/8KB

32KB/4KB

16KB/2KB

AVR64DD14

14-pin
SOIC

20-pin
SOIC
VQFN

AVR32DD20AVR32DD14

AVR16DD20AVR16DD14

AVR64DD32AVR64DD28

AVR32DD32AVR32DD28

32-pin
VQFN
TQFP

28-pin
SSOP
SOIC
SPDIP

AVR16DD28 AVR16DD32
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Messaging Features

AVR EA Microcontrollers

Cost efficient upgrade path from the megaAVR 0-
family, offering more analog to support sensor 
node applications in noisy and harsh environments 
and secondary safety monitoring in larger systems.

• 12-bit differential ADC with Computation
• Programmable Gain Amplifier, up to 16x
• 3x USART +I2C +SPI
• Configurable Custom Logic (CCL)
• 2x Analog Comparator w/internal DACREF
• 1x 10-bit DAC (output)
• 8 channel Event System
• Cyclic Redundancy Check (CRC) Scan
• 6x 16-bit Timer/Counters
• High speed external crystal oscillator 

(XOSCHF)
• Clock Failure Detection (CFD)
• Flash memory with dedicated RWW section.

tiny2

tiny1

tiny0 mega0

AVR EA

Pins

Analog

8 to 24 28 to 48

32 to 64 KB2 to 32 KB
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Messaging

tinyAVR 2 Microcontrollers

Designed to meet the requirements of small signal 
sensor node applications, sensors in noisy and 
harsh environments and secondary safety 
monitoring by introducing a highly flexible 12-bit 
differential ADC with computation and 
Programmable Gain Amplifier (PGA).

Features

12-bit differential ADC with Computation (375 Ksps)

Programmable Gain Amplifier, up to 16x

2x USART +I2C +SPI

Configurable Custom Logic (CCL)

1x Analog Comparator w/ internal DACREF

6 channel Event System

Cyclic Redundancy Check (CRC) Scan

3x 16-bit Timer/Counters

Functional Safety ReadyATtiny162716KB/2KB

8KB/1KB

4KB/512B

ATtiny1626

14-pin
TSSOP
SOIC

20-pin
SSOP
SOIC
VQFN

ATtiny827ATtiny826ATtiny824

ATtiny427ATtiny426ATtiny424

32KB/2KB

24-pin
VQFN

ATtiny3227ATtiny3226

ATtiny1624

ATtiny3224
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AVR128DA MCU可用的開
發工具及環境
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Simplified Software Development
PIC®  MCU and AVR®  MCU 

Community
Development 
Environment

Code 
Generation

Support for All PICs & All New AVRs

No plans for EOL. Support for All AVRs.
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Easy & Fast GUI Configuration Tools
MCC & START
• Configure MCU peripherals in minutes!

• MCC supports 8-/16-bit PIC and new 8-bit AVR MCUs

• START supports 8-bit AVR MCUs

• Generates optimized C code

• Minimizes reliance on datasheet

• FREE. Try them today by clicking the links below.

start.atmel.com

www.microchip.com/mcc

../../start.atmel.com
http://www.microchip.com/mcc
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Microchip MCU 開發的  3 個必備軟體工具
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Microchip MCU 開發階段建議的除錯/燒錄器
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Curiosity Development Ecosystem
Fully Integrated Platform for 8-, 16- and 32-bit PIC & SAM MCUs

Curiosity
• Standardized features & interfaces

• Expansion Headers for MikroE Clicks

Curiosity Nano
• Lower cost prototyping board

• Standardized pinout

• Full programming and debugging support

SAM D21 Curiosity Nano
DM320119

Curiosity High Pin Count (HPC) 
Development Board

DM164136 

ATmega4809 Curiosity Nano
DM320115

AVR128DA48 CURIOSITY NANO
DM164151

PIC32MZ EF 2.0 Curiosity  
Development Board

DM320209 

dsPIC33CH Curiosity  
Development Board

DM330028-2 
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Curiosity Nano : 預先設定的統一接腳配置
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Curiosity Nano Base Board for Click™ Boards
Part No: AC164162 ($35.41 USD – Sep/2023)

• Key Features
• Single USB connection

• Access to all I/O pins

• Allow the user to connect to
• Clicks™ and Xplained PRO 

Extensions

• Support up to 3 Clicks™ modules 

• Flexible Power Options
• MCHP Buck regulator @ 3.3V

• MCHP Boost regulator @ 5V

• Battery power option

Curiosity Nano Board Footprint 
*Xplained Nano Not Supported
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Curiosity Nano Mounting Headers

Insert headers into staggered 
footprints

Mount Curiosity Nano on
Base board
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www.mikroe.com/click

http://www.mikroe.com/click
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Curiosity Nano Base is the Great Reference .. But
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Curiosity Nano Base has very limited function
Need both Curiosity Nano and Click Board together to get a functional System

Even …. It’s just for a simple experiment  
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改進的方式 : 先把一些常用或必要的周邊內建在實驗版上
不夠的部分再用 Click™ Boards 或是 Arduino 擴充板來擴增



Microchip Proprietary and Confidential46

APP-All MCU 2023 各種 MCU 的共用周邊 (on-board Peripherals )

✓一個 I2C 介面的六軸 IMU - BOSCH BMI323 

✓一個 I2C 介面的 Lighting Sensor – Vishay 的VEML7700-TT

✓一個 I2C 介面的 Humidity sensor - BOSCH BME280 

✓一個 I2C 介面的 溫度 Sensor – Microchip MCP9808 

✓一個 I2C 介面的 OLED Display - 單色128 * 64 

✓一個 SPI 介面的 DAC – Microchip MCP4921

✓兩個 WS2812B One-Wire Color LED

✓一個 MCP2221A 作實驗板上的UART 以及 I2C 介面轉換至 USB 的介面 IC

✓一個 ALPS 的SKRHABE010 五向開關

✓ LED * 4

✓ Switch Button * 2
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APP-All MCU 2023 的方塊圖
All MCUs face to the same Peripherals 
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參考 Curiosity Nano BASE – 保留 mikroBUS-1 ， Arduino and on-
board 周邊由 mikroBUS-2/3 的信號以及多餘的接腳來控制
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APP-All MCU2023 保留了同時接 mikroBUS & Arduino 的介面
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使用 Arduino 介面擴充的範例
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APP-All MCU 2023 所安裝的 Microchip MCU
• MCU8 : 

• AVR128DA48 – Refer to AVR128DA48 Curiosity Nano - DM164151

• 20-Pin DIP PIC16F/18F – Refer to PIC18F16Q41 Curiosity Nano - EV26Q64A

• MCU16 : dsPIC33CH256MP505 : 
• Main Core 90 MHz and Secondary Core 100 MHz Operation

• Refer to dsPIC33CK64MC105 Curiosity Nano - EV88G73A

• MCU32 : PIC32CM2532LE0048 : Arm® Cortex®-M23
• Refer to PIC32CM LE00 Curiosity Pro Evaluation Kit - EV80P12A

• Keep the same pin-assignment for mikro BUS ☺
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使用 P13 ~ P16 來選擇可以工作的 MCU 
• P13 : 

• MCU8 – AVR128DA48
• P14 : 

• MCU8 – 20Pin PIC18/PIC16
• P15 : 

• MCU16 - dsPIC33CH256MP505
• P16 : 

• MCU32 – PIC32CM3532LE000048
• Pin-1&2 : Reset Pin Release
• Pin-2&3 : Reset Pin HOLD 
• 也可以插接其他的 Curiosity Nano 

EVB 到 CON1 來練習其他 MCU
• 板子上其他 MCU 的 RESET 接腳都要設

定在 RESET 狀態
• Exception : You can Release 2+ MCUs 

to do multi-MCU interactive 
programming
• i.e. I2C Master/Slave Communication
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APP-All MCU 2023 的線路圖
(For AVR128DA48)
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也可以使用其他的 Curiosity Nano (Disable 所有 On-Board  的 MCU
• 對照 CON1 上的 AVR128DA48 排列來找出對應的接腳
• For example … LED1 = AVR_PB2 = RD2 @ PIC18F57Q43
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APP-All MCU 2023 板上有對 Arduino 介面的接腳說明
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APP-All MCU 2023 has clear Pin Mapping for mikro
bus and On-Board I/O too 
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MPLAB® Snap can be integrated to APP-All MCU 2023
已經將使用 SNAP 透過 UPDI 燒錄/除錯的必要修改以 P19 實現
ENT36

https://ww1.microchip.com/downloads/en/DeviceDoc/ETN36_MPLAB%20Snap%20AVR%20Interface%20Modification.pdf
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Pinout of Debug Interface - SNAP & PICkit4/5 
We are talking about Cortex-M0 Family today 

60
Microchip Proprietary and Confidential
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Host Interface – MCP2221A for UART and I2C
Full LED Indicator, Connect to both mikro BUS and Arduino 
connector → Select by P20
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APP-All MCU 2023 development resource @ MCHP TW 
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APP-All MCU 2023 開發資源下載的頁面( 持續補充中)
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A Leading Provider of Smart, Connected and Secure Embedded Solutions 

AVR® DA Product Family 
重要的周邊及功能介紹
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New Functional Safety Ready AVR® 
Microcontroller Family Enables Real-Time 

Control, Connectivity and HMI Applications

Next-Generation AVR DA MCUs Features Core Independent 
Peripherals, Advanced Analog and On-Chip Communications

www.microchip.com/avr-da

AVR128DA48

http://www.microchip.com/avr-da


Microchip Proprietary and Confidential66

Oscillator and Clocks
• High-precision internal oscillator

• Selectable frequency up to 24 MHz with auto tuning option using 32 kHz crystal

• +/-2% accuracy across 0 – 70°C without auto tuning

• XTAL free serial communication

• PLL up to 48 MHz for high frequency operation of peripherals
• For high speed PWM using Timer D

• Internal ultra low power 32kHz RC oscillator

• User configurable with +/-2% accuracy

• Ability to calibrate from the high-speed internal RC oscillator

• Can be used as main clock source

• External 32kHz crystal oscillator

• Used for the real-time-clock operation

• External clock input

• Ability to clock the device from an external clock source
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Ex1 : AVR128DA48 
Basic I/O

Use : MPLAB XIDE V6.10
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做實驗前的裝備檢查 
請確定硬體已經做了適當的連接與設置 (P13~P16 , P20 )



Microchip Proprietary and Confidential69

練習一 Project Guide
• Project Name : 

Lab_AVR128DA48
• Project Folder :

• RTC\AVR101

• 使用的資源
• AVR128DA48 控制 LED1 ~LED4

• LED1 : AVR_PB2

• LED2 : AVR_PB3

• LED3 : AVR_PB4

• LED4 : AVR_PB5

• Melody 提供的 DELAY Driver

• Ex1 要達成的功能
• 完成一個每 200 ms 位移一次的跑

馬燈
• 位移的方向由 LED1 住次向 LED4，

並且在盡頭轉換方向
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LED1 ~ LED4 為 High Driven，輸出為 1 時燈亮
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Why MCC Melody or MCC Classic ?
• AVR 有多樣的功能、豐富的內建周邊、手冊多達 684 頁

• 避免因為人為疏忽而沒有對周邊做完整的初始化
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您可以在 Microchip 網站尋找開發資源
>> Tools & Software、Solution、Product
• https://www.microchip.com/en-us/education/developer-help 

https://www.microchip.com/en-us/education/developer-help
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如何快速找到MCC Melody API 說明文件 ? (1)
• 在 MCC Melody 中只要點擊      就會直接導向說明文件 (線上) 



Microchip Proprietary and Confidential74

如何快速找到MCC Melody API 說明文件 ? (2)
• 在 MCC Melody 的專用頁面上找到並點選 “Find API Reference for MCU Family” 
• https://www.microchip.com/en-us/tools-resources/configure/mplab-code-configurator/melody 

https://www.microchip.com/en-us/tools-resources/configure/mplab-code-configurator/melody
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如何快速找到MCC Melody API 說明文件 ? (3)
• 直接連上 : https://onlinedocs.microchip.com/oxy/GUID-

5A03F818-B7FC-4062-9792-57D08543B586-en-US-7/index.html

https://onlinedocs.microchip.com/oxy/GUID-5A03F818-B7FC-4062-9792-57D08543B586-en-US-7/index.html
https://onlinedocs.microchip.com/oxy/GUID-5A03F818-B7FC-4062-9792-57D08543B586-en-US-7/index.html
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RESET Pin : 建議設定為  Reset mode  
• 因為要與 APP-All MCU 2023 的其他 MCU 做隔離
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MPLAB X IDE、MCC & Content Manager 
• MPLAB X IDE V6.15 with Latest version Melody Core & AVR 

Device 可以正確地完成 AVR-101 的練習
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Lets’ go Ex1 by following the procedures in Video ☺
https://youtu.be/kvxIkxI2sTw 

https://youtu.be/kvxIkxI2sTw
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Ex1 的 MCC Project Setting - CLKCTRL
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Ex1 的 MCC Project Setting
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Delay Driver 的使用說明



Microchip Proprietary and Confidential82

Ex2 : AVR128DA48 RTC 
& Interrupt

Use : MPLAB XIDE V6.10
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練習二 Project Guide
• Project Name : 

Lab_AVR128DA48
• Project Folder :

• RTC\AVR101

• 使用的資源
• AVR128DA48 控制 LED1 ~LED4

• LED1 : AVR_PB2

• LED2 : AVR_PB3

• LED3 : AVR_PB4

• LED4 : AVR_PB5

• Melody 提供的 RTC Driver

• Ex2 要達成的功能
• 完成一個每 100 ms 位移一次的跑

馬燈
• 位移的方向由 LED1 住次向 LED4，

並且在盡頭轉換方向
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Timer/Counters
• 16-bit Timer/Counter A (TCA)
• Flexible 16-bit PWM provides 

accurate program execution 
timing.

• 3 PWM channels

• 16-bit Timer/Counter B (TCB)
• Include frequency and waveform 

generation, and input capture on 
Event with time and frequency 
measurement of digital signals.

• 1 PWM channel

• TCA Application Example
• LED RGB lighting
• 3-phase BLDC
• With external motor driver e.g. 

MTD6501

• TCB Application Example
• Capture signal via event (CIP)
• Hardware monitoring for missed periodic 

events and fault detection (stalls, stops, 
etc.)

• Safety limit in closed loop control 
applications

• Power supplies
• Motor driver
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Timer/Counters
• 12-bit Timer/Counter D (TCD)
• High performance waveform 

controller consisting of an 
asynchronous counter, a prescaler, 
compare logic, capture logic, and 
control logic.

• Designed for control applications.
• 2 PWM channels

• 16-bit Real Time Counter (RTC)
• Selectable clock source
• Periodic interrupt and event 

generation

• TCD Application Example
• H-bridge

• LED

• Power converters

• Motor control

• RTC Application Example
• Creates a periodic Event or Interrupt to 

measure sensors
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RTC Module 
• RTC 重要諸元
• 16-bit Resolution

• Selectable Clock Sources

• Programmable 15-bit Clock 
Prescaling

• One Compare Register

• One Period Register

• Clear Timer on Period 
Overflow

• Optional Interrupt/Event on 
Overflow and Compare Match

• Periodic Interrupt and Event

• Crystal Error Correction



Microchip Proprietary and Confidential87

RTC Module 會產生的 Events
可以用來產生中斷或作為˙ Event System 的觸發源
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中斷 : Interrupt
• 中斷是周邊用來反映其已達預先設置的狀態條件，向 CPU 要
求服務的一種機制

• 每個周邊可能引發一種以上的中斷，例如 RTC 可以引發
• Compare, Overflow, PIT 

• 每個中斷都有獨立的中斷向量 (Interrupt Vector) 
• 指向服務該項中斷的 “中斷服務程式” 的起點

• 當然，只有被致能的中斷會引發 Interrupt Request 

• AVR 的中斷特點 :
• 快速而且可預期的中斷反應時間
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中斷向量表可以在 Data Sheet 中找到 
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中斷的優先權
• 分為 : Non-Maskable Interrupt、Level 1 & Level 2

• Non-Maskable interrupt 來源可能在每個 AVR MCU 不相同
• AVR128DA48 的 Source 是 CRCSCAN 

• Level 1 的中斷只有一個
• 設定方法為將中斷向量寫入 CPUINT.LVL1VEC 暫存器

• 其他為 Level 0 的中斷源，以中斷向量的前後來決定衝突時的
先後順序
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AVR® MCU 快速而且可預期的中斷反應時間
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CPU 在 Sleep 下的中斷喚醒
• 在 Sleep Mode 下仍然可以工作的周邊可以喚醒 CPU

• 因為 CPU 處於 Sleep，所以喚醒的時間會多 4 ~ 5 個 Clock
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MCC Melody 提供的中斷服務程式指定 API 
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Lets’ go Ex2 by following the procedures in Video ☺
https://youtu.be/1tqvoZbnKqM

https://youtu.be/1tqvoZbnKqM
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Ex3 : AVR128DA48 
USART

Use : MPLAB XIDE V6.10
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練習三 Project Guide
• Project Name : 

Lab_AVR128DA48

• Project Folder :
• RTC\AVR101

• 使用的資源
• AVR128DA48 控制 LED1 ~LED4

• LED1 ~ LED4

• Melody 提供的 RTC Driver

• Melody 提供的 UART Driver
•   115200 bps , UART @ UART0

• Ex3 要達成的功能
• 完成一個每 200 ms 位移一次的跑

馬燈以及 Hello Word 的列印
• 位移的方向由 LED1 住次向 LED4，並且

在盡頭轉換方向
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使用 Data Visualizer 來觀察 UART 的輸出
• DV 是 MPLAB X IDE 安裝時會一併安裝的 Plug-In 
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Serial Communication
• Up to six USARTs
• Operation modes: RS485, LIN client, host 

SPI and IrDA
• Fractional baud rate generator, 

autobaud, and start-of-frame detection

• Two SPI
• Host/client operation modes

• Two I2C
• Simultaneous host/client operation and 

dual address match
• Supported modes

• Standard mode (100kHz)
• Fast mode (400kHz) 
• Fast mode plus (1MHz)

• Application Example
• Board control

• Sensors

98
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AVR128DA48 USART 的方塊圖
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AVR128DA48 USART 可以支援的 Data Frame
比較常用的傳輸模式為 “非同步模式 ” Baud Rate 要兩邊一致
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Microchip MCP2221A
一個 USB-to-UART/I²C 的轉器，讓更多的應用能與 USB 相連
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MCP2221A 支援的 UART 通信速率
透過 P20，MCP2221A 可以支援兩組 UART 信號的收送
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Lets’ go Ex3 by following the procedures in Video ☺
https://youtu.be/dFvL6fvSdgc

https://youtu.be/dFvL6fvSdgc
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Ex4 : AVR128DA48 ADC
Use : MPLAB XIDE V6.10
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練習四 Project Guide
• Project Name : 

Lab_AVR128DA48
• Project Folder :

• MCHP_ProjDev_2023\AVR128DA48

• 使用的資源
• AVR128DA48 控制 LED1 ~LED4 , VR1

• LED1 ~ LED4

• VR1 @ PD0

• Melody 提供的 RTC Driver
• Melody 提供的 UART Driver

•   115200 bps , UART @ UART0

• Melody  提供的 ADC  Driver

• Ex4 要達成的功能
• 完成一個每 200 ms 位移一次的跑

馬燈以及 ADC 結果的列印
• 位移的方向由 LED1 住次向 LED4，並且

在盡頭轉換方向
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練習四在 DV 的輸出實況
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Intelligent Analog
• One 12-bit Analog to Digital Converter (ADC)

• Single-ended and differential mode
• 130 ksps

• One 10-bit Digital to Analog Converter (DAC)
• Accurate set up for current protection.

• Internal voltage references
• Selectable levels:1.024V, 2.048V, 4.096V and 2.500V and external reference option

• Three Analog Comparators (ACs)
• Use for overcurrent detection for motor control, lighting and gas blowers
• Individual DAC input voltage reference

• Three Zero Cross Detectors (ZCD)
• Detect zero crossings on high-voltage alternating signals
• Drive outputs such as LED indicator, relay, control gate or switching purposes in power electronics.

107
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AVR128DA48 ADC 模組的功能及特性
一般而言，物理量為類比形式，必須轉換為數位之後進行處理
⚫ 12-Bit Resolution - Successive Approximation Register (SAR) ADC
⚫ Up to 130 ksps at 12-Bit Resolution 
⚫ Differential and Single-Ended Conversion
⚫ Up to 22 Inputs 
⚫ Rail-to-Rail Input Voltage Range 
⚫ Free-Running and Single Conversion 
⚫ Accumulation of Up to 128 Samples per Conversion 
⚫ Multiple Voltage Reference Options 
⚫ Temperature Sensor Input Channel 
⚫ Programmable Input Sampling Duration 
⚫ Configurable Threshold and Window Comparator 
⚫ Event Triggered Conversion • Interrupt and Event on Conversion Complete 
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AVR128DA48 ADC 的方塊圖
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如果沒有 MCC，User 使用 ADC 前必須完成的工作
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ADC0_GetConversion 的內容 
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Lets’ go Ex4 by following the procedures in Video ☺
https://youtu.be/FrHPZgRlXjs

https://youtu.be/FrHPZgRlXjs
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Event System
• Core Independent Peripherals
• Executing task without CPU usage
• Accurate and fast timing
• Reduced power consumption

• Latency-free Event handling
• Safe fault protection
• Predictable reaction time

• Inter-peripheral communication
• Up to 10 channels
• Available in Active and Sleep modes
• Events are never lost!

113
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在 MPLAB Melody 對 EVSYS 的 Support 
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Configure Custom Logic (CCL)
• Replace external logic and save execution power and BoM cost

• Configure performance critical tasks in hardware instead of software

• Combinatorial or Sequential
• AND, NAND, OR,NOR, XOR,

XNOR, NOT, MUX, RS Latch,
D-Flip-Flop & D Latch

• Functionality
• Two 2-input units
• Connect output to external I/O 

pins or event system
• Optional synchronizer
• Filter or edge detector available 

on each output

115
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MCC Melody 可以對 CCL 做圖型化的互動設定
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CCL Module 的應用例 : WS2812
WS2812 : Timing Requirement 需要 800Khz 的控制訊號 (PWM)
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WS2812 Timing Requirement - 2
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WS2812 Timing Requirement - 3 
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Ex5 : AVR128DA48 使用 
EVENY SYSTEM

Use : MPLAB XIDE V6.10
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練習五 Project Guide
• Project Name : Lab_AVR128DA48
• Project Folder :

• MCHP_ProjDev_2023\AVR128DA48
• 使用的資源

• AVR128DA48 控制 LED1 ~LED4 , VR1
• LED1 ~ LED4
• VR1 @ PD0

• Melody 提供的 RTC Driver
• Melody 提供的 UART Driver

•   115200 bps , UART @ UART0

• Melody  提供的 ADC  Driver
• Melody 提供的 EVENT SYSTEM Driver

• Ex5 要達成的功能
• 完成一個每 200 ms 位移一次的跑馬

燈以及 ADC 結果的列印
• 位移的方向由 LED1 住次向 LED4，並且在

盡頭轉換方向

• 透過 EVENT SYSTEM ，讓 RTC 
Overflow 來觸發 ADC0 的轉換

• AIN0 的轉換結果在 ADC0 ISR 被讀出
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ADC0 的 Start Event Input Enable 必須被 Enable 
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Lets’ go Ex5 by following the procedures in Video ☺
https://youtu.be/RNWa_qBZ4lU

https://youtu.be/RNWa_qBZ4lU
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Bonus : Ex6 – Configuration for TWI0
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Bonus : Ex6 – Configuration for I2C0_Host
• Custom Name = I2C0_Host = API Name !



Microchip Proprietary and Confidential126

“Thank You”
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